Objective: Antioxidants, including alpha lipoic acid (ALA) and vitamin E, are efficacious for the treatment of nonalcoholic fatty liver disease (NAFLD). The objective was to evaluate the effects of ALA and vitamin E alone or combined as therapy for patients with NAFLD and nonalcoholic steatohepatitis (NASH). Design: Placebo-controlled, open-label, prospective study in which patients with NAFLD and NASH were randomized to treatment with ALA 300 mg (n = 40), vitamin E 700 IU (n = 40), ALA 300 mg plus vitamin E 700 IU (n = 40), or placebo (n = 35) daily for 6 months. Body mass index, homeostasis model assessment scores, fibrosis and steatosis markers, and diagnostic laboratory tests were assessed at baseline and at the end of the study. Results: Treatment with ALA and vitamin E alone or in combination, improved inflammatory cytokine levels, steatosis scores, homeostasis model assessment scores, and triglyceride levels after 6 months relative to baseline. Conclusion: Alpha lipoic acid and vitamin E, either alone or in combination, were effective treatments for patients with NAFLD and NASH.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease in the world and is rapidly becoming a global health problem [1] . In the United States, analysis of data from the Third National Health and Nutrition Examination Survey (NHANES III: 1988 -1994 found the prevalence of NAFLD to be 16.4% in adults aged 20 to 74 [2] . Other reports have estimated the prevalence of NAFLD in children in the United States at 13% to 14%, while the prevalence of NAFLD in the morbidly obese has been estimated between 75% and 92% [1] , which is not surprising considering its strong association with obesity and diabetes [2] . Indeed, NAFLD is characterized by a complex multifactorial etiology thought to involve pathologies including type 2 diabetes, obesity, hyperlipidemia, and inflammation [1] . However, NAFLD can also be caused by use of drugs (e.g., glucocorticoids, antiviral agents, and cocaine), nutritional etiologies (e.g., starvation, total parenteral nutrition), metabolic or genetic etiologies (e.g., lipodystrophy, Weber-Christian disease), inflammatory bowel disease, or environmental hepatotoxins [3] . Regardless of etiology, the disease spectrum of NAFLD ranges from "simple steatosis" to nonalcoholic steatohepatitis (NASH), NAFLD-associated cirrhosis, and end-stage liver disease [1] .
While the pathogenesis of NAFLD is not completely understood, accumulation of lipids in hepatocytes, primarily in the form of triglycerides, is a requirement for the development of the disease [3] , with fat accumulation in the liver exceeding approximately 5% by weight [4] . Progression of NAFLD to more serious forms of liver disease (i.e., fibrosis, cirrhosis, liver cancer) [5] can be exacerbated by excess consumption of carbohydrates and lipids, which increase levels of fatty acids in the liver [6] . The liver is unable to esterify the surplus of free fatty acids into neutral triglycerides, ultimately leading to lipotoxicity and subsequent hepatocyte apoptosis [7] . Indeed, increased levels of free fatty acids have been associated with the degree of liver disease severity [8] and the major pathogenic event in the transition to NASH in patients with NAFLD is the increased release of free fatty acids from adipose tissue and increased peripheral lipolysis [9] . Insulin resistance plays a key role in this process, allowing for the surplus of fatty acids from adipose tissue and impaired peripheral glucose removal [10] .
Increased rates of fatty acid oxidation in the liver may also lead to oxidative stress and the production of reactive oxygen species which may also cause hepatocellular damage and decreased cell viability [11] - [13] . Thus, targeting of pathways with antioxidants, such as alpha lipoic acid (ALA) and vitamin E, has been shown to improve liver pathology and laboratory endpoints in animal and human studies [14] - [23] . Alpha lipoic acid is a multifunctional antioxidant that prevents the release of free radicals [24] and lipid peroxidation [25] ; restores insulin responsiveness [24] ; regenerates other antioxidants, including vitamins E and C [24] ; increases intracellular glutathione levels [24] ; and inhibits cytokine-induced inflammation [26] . An animal model of hepatic steatosis showed decreased hepatic lipogenesis following treatment with ALA [16] . Vitamin E has been shown to reduce oxidative liver damage in an animal model [27] and to improve serum markers in children with NASH [18] , serum indicators of oxidative stress in adults with NASH [19] , and several markers of liver histology in the pioglitazone (Actos ® ; Takeda Pharmaceutical Company Limited, Oksaka, Japan) versus vitamin E versus placebo for the treatment of nondiabetic patients with nonalcoholic steatohepatitis (PIVENS) clinical trial of NASH [17] . Because antioxidants such as ALA and vitamin E effectively improved liver histology and laboratory markers of liver disease in numerous studies, the efficacy of ALA 300 mg and vitamin E 700 IU in patients with NAFLD and NASH was evaluated in the randomized, placebo-controlled, open-label, prospective VAIN trial.
Methods

Study Design
This study was a randomized, placebo-controlled, open-label, prospective clinical trial conducted between February 2009 and November 2010 at North Shore Forest Hills Hospital. The study protocol was approved by the North Shore-Long Island Jewish Health System Institutional Review Board and was performed in accordance with the Declaration of Helsinki, the International Conference on Harmonization Good Clinical Practice Guidelines, and applicable local laws and regulations. Signed informed consent was obtained for each patient before study enrollment. Of 976 individuals interviewed, 175 refused and 637 did not meet the fulfillment criteria (Figure 1 ). All those recruited were compliant to follow up and there were no drop outs.
Sample Size Calculation
A total of 155 patients were estimated to enter this 4 arm parallel-design study. The probability was 80 percent that the study would detect a treatment difference at a one-sided 0.05 significance level.
The sample size was calculated using well-recognized computer software called SampleSize (version 1.1.3, Epigenesis, Sheffield, UK) based on Julious SA et al. Statist (Med. 2004; 23:1921 -1986 ). The envelopes were used for concealment but the randomization was based on random numbers generated by a computer. People uninvolved with the study were tasked with the randomization process. The codes were broken only during analysis. As the null hypothesis was that the new treatment would improve markers of non-alcoholic fatty liver disease, we were justified in using the one tailed p-value for significance. However, if we had assumed that the new treatment would be worse off or better, we would have used a p value with a 2-tailed significance. However, since this was a clinical trial, we could not justify violating a key principle in medicine is "do no harm" based on the fact that the interventional agents used in the study Vit E, alpha lipoic acid were FDA approved supplements with well established safety records, therefore a one tailed p value for significance was justified.
Patient Population
Patients with NAFLD, NASH, and a body mass index of ≥28 to <33 kg/m 2 were included in the study. An abdominal ultrasound was used to diagnose the subjects. Patients had normal anti-mitochondrial antibody and antismooth muscle antibody levels and were negative for mutations at both alleles of the hemochromatosis gene. Exclusion criteria included diabetes, hepatitis B, hepatitis C, hypothyroidism, hyperthyroidism and syndromes with known insulin resistance. Patients consuming >30 g of alcohol per day or receiving other medications, including herbs and supplements, were also excluded from the study.
Treatment
Patients were randomized (using sealed envelops) to receive placebo, ALA 300 mg, vitamin E 700 IU, or ALA 300 mg plus vitamin E 700 IU for 6 months. Patients were advised to take ALA early morning, while Vitamin E was advised to take with the largest (with respect to fat intake) meal of the day. All groups received once a day oral medication. The medications were generic over the counter medications from the same pharmacy. Study participants were allowed to consume 1600 calories per day and to participate in moderate exercise (Walking 150 minutes per week at the rate of 100 steps per minute)
Assessment of Clinical Parameters
Body mass index was determined at baseline and following treatment for 6 months. Laboratory tests performed at baseline and at the end of the study determined fasting levels of plasma triglycerides, hemoglobin A 1c , alanine aminotransferase (ALT), retinol-binding protein 4 (RBP-4), tumor necrosis factor α (TNF-α), leptin, and adiponectin. The homeostasis model assessment (HOMA) score was calculated using the following formula: (fasting glucose × insulin)/22.5 [28] . Fibrosis and steatosis markers were determined by NASH FibroSURE™ (Labora-tory Corporation of America, Burlington, NC) [29] .
Statistical Analysis
Using SPSS version 21, statistical analysis with χ 2 test was performed for categorical variables and a p value of ≤ 0.05 was considered to be statistically significant.
Results
Patients and Baseline Characteristics
A total of 155 patients were enrolled in the study. Forty patients were randomized to each treatment group of ALA 300 mg, vitamin E 700 IU, or ALA 300 mg plus vitamin E 700 IU, and 35 patients were randomized to treatment with placebo. The demographics and baseline disease characteristics of the patients in the study are summarized in Table 1 .
Improvement in Inflammatory Cytokines and Steatosis Scores
Treatment with the combination of ALA and vitamin E for 6 months resulted in a greater decrease in levels of the proinflammatory cytokine TNF-α compared with baseline versus placebo (82.6% vs. 12.5%, respectively; Figure 2 ). Treatment with either ALA or vitamin E alone also improved levels of TNF-α 59.3% and 61.9%, respectively, compared with baseline. Treatment with the combination of ALA and vitamin E also improved steatosis scores from baseline to a greater extent than placebo (78.7% vs. 8%, respectively; Figure 3 ). Similar decreases were found with ALA or vitamin E monotherapy (75% and 73.2%, respectively).
Improvement in Clinical Variables
Homeostasis model assessment scores improved 76.1% from baseline following treatment with the combination of ALA and vitamin E compared with 7.1% for treatment with placebo, while either ALA or vitamin E monotherapy improved HOMA scores 54.3% and 53.7%, respectively ( Table 2) . Triglyceride levels improved from baseline for all treatment groups: 56.4%, 34.4%, and 37.5% for patients receiving the combination of ALA and vitamin E, ALA monotherapy, or vitamin E monotherapy, respectively, compared with 13.4% for the placebo group. Moreover, treatment with ALA plus vitamin E improved triglyceride levels to normal levels (<160 mg/dL). Treatment with the combination of ALA and vitamin E resulted in a 61.9% decrease from baseline in the levels of RBP-4, from 4.2 mg/dL before treatment to 1.6 mg/dL following treatment for 6 months ( Table 2) . Treatment with either ALA or vitamin E monotherapy resulted in a 46.2% or 46.5% decrease in RBP-4 levels from baseline, respectively. These reductions in RBP-4 were greater than that observed with placebo (11.4% decrease from baseline). Leptin levels decreased 58.6% in patients receiving ALA and vitamin E, while patients receiving ALA or vitamin E monotherapy or placebo had a 44.8%, 46.9%, or 35.3% decrease, respectively. Adiponectin levels increased 111.1% in patients receiving ALA and vitamin E combination therapy, 122.2% in patients receiving ALA monotherapy, and 91.7% in patients receiving vitamin E monotherapy, compared with only 50% in patients receiving placebo.
Treatment with the combination of ALA and vitamin E resulted in a 17.7% decrease from baseline in hemoglobin A 1c levels, while treatment with ALA or vitamin E monotherapy resulted in a 13.6% and 22% decrease in hemoglobin A 1c levels, respectively (as outlined in Table 3 ). Patients receiving placebo had a 3.3% decrease in hemoglobin A 1c levels. Treatment with the combination of ALA and vitamin E resulted in a 44.8% decrease in ALT from baseline, while treatment with ALA monotherapy, vitamin E monotherapy, or placebo resulted in a 20.8%, 40.7%, or 30.4% decrease in ALT from baseline, respectively. Fibrosis scores had little or no change regardless of treatment. 
Adverse Events
No adverse events were observed in any of the groups.
Discussion
The results of the VAIN trial suggest an additive effect of daily use of ALA and vitamin E for 6 months in patients with NAFLD and NASH compared with ALA and vitamin E monotherapy or treatment with placebo. To our knowledge, this is the first randomized, placebo-controlled, open-label, prospective clinical study comparing the efficacy of ALA and vitamin E alone or in combination in patients with NAFLD and NASH, and this study adds to the body of literature demonstrating the efficacy of vitamin E monotherapy [17] [21] or ALA and vitamin E combination therapy [20] for the treatment of patients with NAFLD and NASH.
The findings of the VAIN trial as they relate to markers of improved liver function and lipid levels are consistent with previous reports in the literature [17] [21] . There have been published reports comparing the efficacy of ALA or vitamin E monotherapy to other antioxidant and/or drug combinations or placebo. The reduction in ALT levels observed in this trial is comparable with the findings of the treatment of NAFLD in children (TONIC) trial [21] . In the TONIC trial, daily treatment with vitamin E 800 IU significantly reduced ALT levels from baseline after 24 or 48 weeks, although results were not sustained at 96 weeks. However, the findings of the TONIC trial are not directly comparable to this study due to the different study endpoints and the potential pathophysiologic differences in NAFLD and NASH in children and adults (i.e., pubertal changes, reduced or no ethanol exposure). Similar to the findings of this study, adults treated with vitamin E 800 IU in the phase 3, multicenter, randomized, placebo-controlled, double-blind PIVENS trial experienced significant improvement in serum ALT levels relative to baseline compared with placebo (P = 0.001) [17] . Treatment with vitamin E for 96 weeks compared with placebo also resulted in a significant rate of improvement in steatosis (54% vs. 31%; P = 0.005), lobular inflammation (54% vs. 35%; P = 0.02), and hepatocellular ballooning (50% vs. 29%; P = 0.01) as determined by histological assessment. Because liver pathology was not an endpoint examined in this study, we cannot compare our findings with these published data. However, given a significant reduction in steatosis score and cytokine levels post-treatment indicates a reversal of the inflammatory process involved in the pathophysiology of non-alcoholic fatty liver disease.
Patients in the VAIN trial had a reduction in triglyceride levels following treatment with ALA or vitamin E monotherapy, an effect enhanced normal levels with a combination of ALA and vitamin E. While clinical trials of ALA in patients with NAFLD and NASH have not previously been conducted, there are limited data in experimental models demonstrating the potential for use of ALA in treatment of NAFLD and NASH. Our finding is comparable with that of a study of rats fed a high-fat diet, which demonstrated that treatment with ALA significantly reduced triglyceride levels compared with control animals or untreated animals on a high-fat diet [16] .
The improvements in lipid profiles and HOMA scores in this study are similar to those of a study of patients with type 2 diabetes treated with ALA plus vitamin E, namely the lipid profiles of patients receiving ALA and vitamin E alone or in combination for 4 months were improved as were HOMA scores in patients receiving ALA monotherapy [20] . However, it is noteworthy that there were some differences between the demographics of the study groups (i.e., different countries, sex ratios, and ages), the duration and dosing of ALA and vitamin E [20] , and that patients with diabetes were excluded from the VAIN trial.
One limitation of the VAIN trial was that liver biopsies were not performed at baseline or at the end of treatment. Histologic analysis is useful for determining the severity of liver disease, hepatocellular ballooning, and inflammation, especially because there are currently no validated biomarkers for determining response to treatment [17] . Furthermore, some of the clinical variables (e.g., aspartate aminotransferase, bilirubin [21] ) examined by others were not included in this study. A second limitation is the shorter duration of this study compared with other studies. The TONIC study examined patients for 96 weeks and demonstrated that the significant changes in ALT levels observed at 24 and 48 weeks were reduced at 72 and 96 weeks because patients in the placebo group also experienced a reduction in ALT levels at 72 and 96 weeks [21] . This finding in the placebo group was attributed to increased patients' adherence to diet and exercise regimens and/or increased motivation because of study participation, factors not monitored in the VAIN trial. Additionally, this was a single-center study performed in New York, and the results may not fully extend to patient groups in other parts of the country or world, especially considering that a study analyzing data from NHANES III found that patients with NAFLD are more likely to be male and Mexican-American [2] , both groups in the minority in this trial. It is also possible that res-ponses to treatment may differ by sex or ethnicity, an outcome not examined in this trial because of the small number of patients enrolled.
Conclusion
In conclusion, the VAIN trial demonstrates the efficacy of daily treatment with ALA and vitamin E for 6 months in patients with NAFLD and NASH. Large, randomized, multicenter clinical trials are needed to fully assess the efficacy and safety of ALA and vitamin E in patients with NAFLD and NASH. Due to the inconsistency in dosing and duration of treatment across published reports, a trial comparing ALA and vitamin E monotherapy or combination therapy for a longer length of time would be particularly beneficial. Based on the data presented in this report, ALA and vitamin E should be considered therapeutic options in patients with NAFLD and NASH. 
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